This paper describes the ddd genes that are involved in the production of the gas dimethyl sulphide from the substrate dimethylsulphoniopropionate (DMSP), an abundant molecule that is a stress protectant in many marine algae and a few genera of angiosperms. What is known of the arrangement of the ddd genes in different bacteria that can undertake this reaction is reviewed here, stressing the fact that these genes are probably subject to horizontal gene transfer and that the same functions (e.g. DMSP transport) may be accomplished by very different mechanisms. A surprising number of DMS-emitting bacteria are associated with the roots of higher plants, these including strains of Rhizobium and some rhizosphere bacteria in the genus Burkholderia. One newly identified strain that is predicted to make DMS is B. phymatum which is a highly unusual b-proteobacterium that forms N 2 -fixing nodules on some tropical legumes, in this case, the tree Machaerium lunatum, which inhabits mangroves. The importance of DMSP catabolism and DMS production is discussed, not only in terms of nutritional acquisition by the bacteria but also in a speculative scheme (the 'messy eater' model) in which the bacteria may make DMS as an info-chemical to attract other organisms, including invertebrates and other plankton.
Introduction
Perhaps the greatest symbiosis of all was enunciated in the form of James Lovelock's 'Gaia hypothesis' in which mutual benefits occur between communities of organisms and their respective collective environments (Lovelock, solar radiation. This, in turn, would drop the temperature, and thus the DMS emission rates, completing a biospheremediated feedback loop.
Remarkably, DMS has other, very different biological effects, since it is a chemo-attractant for animals as diverse as the hugely abundant copepods, which are zooplanktonic crustaceans (Steinke et al., 2006) and some oceanic seabirds, including petrels and shearwaters (Nevitt and Bonadonna, 2005) .
The source of DMS in the sea and its margins is dimethylsulphoniopropionate (DMSP, or dimethylpropiothetin), a molecule that occurs worldwide in prodigious amounts (10 9 tonnes or more) in marine algae, where it acts as a compatible solute to counter various stresses, including osmotic, oxidative, and potential damage by UV light (Sunda et al., 2002) . When released from marine algae, following grazing or viral attack, the DMSP becomes available for subsequent microbial catabolic conversions, some of which release DMS. In addition to marine algae (including microscopic and some seaweed macroalgae), at least three different types of land angiosperms can synthesize DMSP. But, the roles of DMSP in these unrelated species, the beach sunflower Wollastonia biflora, the salt marsh grass Spartina, and some lines of Saccharum (sugar cane), are unknown (Otte et al., 2004) .
The generally held view is that DMS is produced by the enzyme 'DMSP lyase', which cleaves the substrate to release DMS, a proton and acrylate (Fig. 1) . As far back as 1956, extracts of the red alga Polysiphonia lanosa were found to have such enzymatic activity (Anderson and Cantoni, 1956) , and DMSP lyases have been described, in various levels of detail, in a range of marine eukaryotes (Steinke et al., 1998; Bentley and Chasteen, 2004) .
In addition, different types of marine bacteria can catabolize DMSP; in fact, bacteria are responsible for most of the DMSP catabolism in the seas (Kiene and Taylor, 1988; Zubkov et al., 2001) . Certainly, huge numbers of marine bacteria, can import DMSP (Gonzalez et al., 2000; Malmstrom et al., 2004; Vila et al., 2004; Mou et al., 2005; Pinhassi et al., 2005) .
Tracer experiments indicate that, globally, the major route of bacterially-mediated DMSP catabolism is by a demethylation process . Although this predominates in terms of the degradation of DMSP and hence of marine carbon and sulphur biotransformations, it does not liberate DMS, so does not contribute to the atmospheric changes alluded to above.
Several bacterial strains grow well on DMSP as the sole carbon source in free-living culture (Kiene, 1990; Visscher and Taylor, 1994; de Souza and Yoch, 1995a, b; van der Maarel et al., 1996; Ansede et al., 1999 Ansede et al., , 2001a Gonzalez et al., 1999 Gonzalez et al., , 2000 Gonzalez et al., , 2003 and in some cases, this is accompanied by DMS release. This has been described for several strains and species of the a-proteobacterial Roseobacter family (Moran et al., 2003; Malmstrom et al., 2004) and of the c-proteobacteria Marinomonas, Psychrobacter, and Vibrio (Ansede et al., 2001a) . This phenotype is termed 'Ddd + ' (DMSP-dependent DMS). There have been a few reports on bacterial enzyme(s) that result in the emission of DMS through DMSP catabolism. Thus, DMS-emitting strains of an Alcaligeneslike bacterium and of Pseudomonas doudoroffii yielded enzymes with DMS lyase-like activity (de Souza and Yoch, 1995a, b; Yoch et al.,1997) , which appeared to be at the cell surface in the former species (Yoch, 2002) . Further, van der Maarel et al. (1996) isolated a strain of Desulfovibrio acrylicus that grew on DMSP and on acrylate as carbon sources and which had an enzyme that cleaved DMSP, releasing DMS.
Given the importance of DMSP catabolism, in terms of the huge flux through the marine carbon and sulphur cycles, and the effects of DMS on climate and as an infochemical, it is surprising that so little is known of the genetics of the process, especially since several DMSPdegrading bacteria are amenable to laboratory-based culture and the genome sequences of some of them are known ; http://www.roseobase.org/).
It seemed likely that a way into the genes for DMSP lyase might be achieved by reverse genetics, since de Souza and described the N-terminal sequences of two bacterial DMSP lyases, these being NH 3 : AQFQHQDDVKPAAISAEEGKGKLVDEQFQEAQKN-NEAL in Alcaligenes and NH 3 : AQFQSQDDVKPASI-DAWSGL in Pseudomonas doudoroffii. However, they did not exploit these data and so no mutants in the corresponding genes have been made (see also below). Recently, however, a gene (dmdA) that is required for the demethylation pathway was described by Howard et al. (2006) as has a series of ddd (DMSP-dependent DMS) genes involved in a DMS-emitting pathway In the marine Roseobacter species Silicibacter pomeroyi DSS-3 , dmdA encodes a demethylase, the first dedicated step in the demethylation pathway (Howard et al., 2006) , yielding the initial catabolite methylmercaptopropionate (Fig. 1) . Homologues of DmdA are found in other bacteria with DMSP-catabolizing ability and occur frequently among the gene sequences in metagenomic clone libraries made directly from marine bacteria, harvested from their natural environments (Venter et al., 2004; Tringe et al., 2005) . Of particular interest, Pelagibacter ubique (SAR11), the most populous bacteria on the planet, has a functional DMSP demethylase (Howard et al., 2006) .
Turning to the ddd genes, these were identified in a strain of Marinomonas that was isolated from the rhizosphere of the DMSP-producing angiosperm Spartina anglica . The results obtained in that study were surprising, on several counts. First, a single gene, termed dddD, was sufficient to confer a Ddd + phenotype to Escherichia coli, providing that it was expressed from a vector promoter. However, the deduced DddD gene product was not a lyase, as might have been expected. Rather, its closest homologue with known function is CaiB of E. coli, a Class III acyl CoA transferase that donates acetyl CoA to carnitine when that amino acid is used as a terminal electron acceptor in anaerobic conditions. CaiB is a homo-dimer (Rangarajan et al., 2005) , but DddD is ; twice the size of CaiB, and has a tandemly repeated domain structure that likely forms an 'intramolecular dimer'. Nevertheless, by analogy with the function of CaiB, it is predicted that DddD adds an acyl CoA moiety to DMSP, prior to its subsequent cleavage and release of DMS  Fig. 1 ).
As expected, other strains of Marinomonas and Marinomonas-like strains had proteins that were >90% identical to DddD in 'our' strain, MWYL1. Furthermore, DddD homologues occurred in Silicibacter pomeroyi DSS-3 and Sagittula stellata E37. These are both in the more distantly related a-proteobacteria, but these observations are consistent with the known Ddd + phenotypes of these bacteria (see below).
What was more unexpected was the presence of DddD homologues in two 'terrestrial' strains of bacteria that were unsuspected of DMSP catabolism. Perhaps significantly, both of these strains interact with higher plants. One of these was the a-proteobacterial N 2 -fixing symbiont Rhizobium sp. NGR234. Isolated by Trinick (1973) , NGR234 was already known to be highly unusual since it nodulates a very wide range of taxonomically distinct legumes (most rhizobia have narrow host-ranges, some of them exquisitely so). More striking yet, it is still the only known rhizobial strain that forms nodules on non-legume plants; indeed NGR234 was isolated from a member of the Elm family, Parasponium, in New Guinea. The second unexpected strain was the b-proteobacterium Burkholderia cepacia AMMD, a very widespread member of the rhizosphere community of angiosperms, which is sold as a biocontrol agent to augment plant vigour (Coenye and Vandamme, 2003) .
It was shown directly that NGR234 and AMMD (but not other strains of Rhizobium or Burkholderia that lacked dddD) emitted DMS when exposed to DMSP, though, puzzlingly, neither strain could fully catabolize this substrate and so could not use it as sole carbon source. Nevertheless, their individual dddD genes, when cloned in an expression vector plasmid, conferred a Ddd + phenotype to E. coli .
It has been known for some time that the Ddd + phenotype can be induced by pregrowth of bacteria on the DMSP substrate, and, at least in some cases, by acrylate, acrylamide or b-hydroxypropionate (De Souza and Yoch, 1995a, b; Yoch et al., 1997; Ansede et al., 1999 Ansede et al., , 2001b Jonkers et al., 1999) . It was noted that the Ddd + phenotypes of the Marinomonas, Rhizobium, and Burkholderia strains described above were also induced by DMSP, but not by acrylate (Todd et al., 2007 and see below) . By making a transcriptional fusion between dddD of Marinomonas and lacZ in wide host-range promoterprobe plasmids, it was shown that this induction was at the initiation of transcription and that this was mediated by the regulatory gene dddR, which is transcribed divergently from dddD (see below). Further, DddR -mutants of Marinomonas were defective in dddD expression and did not make DMS. Consistent with this regulatory role, DddR is in the LysR family of transcriptional regulators .
Here, further observations are presented on the molecular basis of DMSP-dependent DMS production in bacteria. The properties of the 'model' strain Marinomonas MWYL1 are compared and contrasted with those in other bacterial lineages that we have begun to examine experimentally and in silico. In keeping with the theme of this volume, bacterial DMS production is related to its possible role in the interactions between prokaryotes and higher organisms. Figure 2 shows the relatedness tree of all the known homologues (as of March, 2007) of the DddD proteins, all of which had the characteristic intragenic duplication of the CaiB-like acyl CoA transferases (see above). DddD of Marinomonas MWYL1 is (not surprisingly) very closely related to the corresponding proteins of Marinomonas MED121, Marinobacter ELB17, and the marine c-proteobacterium HTCC2207 (Group 'A' in Fig. 2 ). However, as mentioned above, the taxonomic positions of several other bacteria with DddD homologues that are ; 60% identical to that of Marinomonas (group B in Fig. 2 ) are surprising. One of them, S. stellata E37 is Molecular diversity of bacterial DMS production 1061 a known Ddd + strain (Gonzalez et al., 1997) , but the DddD + phenotypes of the other two, Rhizobium NGR234 and B. cepacia AMMD, were wholly unanticipated. Close Ddd homologues have now been observed in two other Burkholderia strains (Fig. 2) . These were B. ambifaria MC40-6 (locus tag BamMC406DRAFT_4307) which, like B. cepacia AMMD is a biocontrol agent against plant diseases, although (disconcertingly) it also occurs in the lungs of cystic fibrosis patients (Coenye et al., 2001) . The other strain is B. phymatum STM815 (BphyDRAFT_ 5496), which was obtained from a N 2 -fixing root nodule on the tropical legume shrub, Machaerium lunatum (Moulin et al., 2001 ; http://zipcodezoo.com/Plants/M/ Machaerium_lunatum.asp). Thus, STM815 is one of the recently found root nodule 'rhizobia' that are not in the conventional a-proteobacteria lineage that contains the familiar genera Bradyrhizobium, Mesorhizobium, Rhizobium, and Sinorhizobium.
Distribution of the DddD protein in different bacterial lineages
In addition to S. stellata, two other Roseobacters, namely S. pomeroyi DSS-3 and Dinoroseobacter shibae DFL 12 (Biebl et al., 2005) have DddD homologues, but these (in Group C in Fig. 2 ) are only ; 40% identical to Marinomonas DddD. S. pomeroyi DSS-3 is known to be Ddd + and it can also catabolize DMSP via demethylation, using the DmdA demethylase (Howard et al., 2006; see above) . As well as the DddD homologues in known bacterial species, there is one close match (protein EAK4524.1) in the large Sargasso Sea metagenomic database (Venter et al., 2004) .
The distribution of DddD homologues in taxonomically distinct lineages (a, b, c, proteobacteria) strongly suggests that dddD is part of the auxiliary gene pool, being transferred between distantly related strains by horizontal gene transfer (HGT). Further circumstantial evidence for this notion is that dddD of Rhizobium sp. NGR234 is on a large resident plasmid, not the chromosome. Also, dddD occurs sporadically, being present in some bacteria, but not in very closely related strains; for example, in the two sequenced genomes of S. pomeroyi, DSS-3 has dddD, but strain TM1040 (see http://www.roseobase.org/roseo/tm1040. html) does not.
'Pick 'n Mix' arrangement of genes near dddD in different DddD + bacteria
The names and deduced functions of the various ddd genes described below are listed in Table 1 and their locations in the ddd gene clusters of different bacteria are shown in Fig. 3 . In Marinomonas MWYL1, dddD is transcribed divergently from a predicted 4-gene operon, dddTBCR  Fig. 3 ). The predicted DddT protein is a transporter of the BCCT (betaine, choline, carnitine transporter) type, an inner membrane protein that imports molecules that resemble DMSP. It is likely, therefore, that DddT is a DMSP importer . The functions of the DddB and DddC proteins are unknown, but their sequences suggest that they are involved in oxido-reductive functions, so may modify DMSP either before or after the addition of the acyl CoA moiety .
This gene arrangement of dddD-dddTBCR also occurs in Marinomonas MED121 and in Marinobacter. However, in the Marinomonas-like strain HTCC2207, there is an extra gene between dddC and dddR, whose product is in the IclR family of transcriptional regulators (Cortay et al., 1991). Given that DddR responds to DMSP, perhaps this 'extra' regulator in strain HTCC2207 allows it to respond to other (unknown) co-inducers or co-repressors.
The genes that abut dddD in the more distantly related B. cepacia AMMD, Rhizobium NGR234 and Sagittula stellata reveal a mix of similarities and differences compared with those in the Marinomonas group (Fig. 3) . Todd et al. (2007) noted that dddD of B. cepacia AMMD is adjacent to a gene with striking similarity to Marinomonas dddR; indeed, DddR proteins of both strains could each activate the expression of the dddD gene of the other in response to the co-inducer DMSP . There are no genes predicted to encode DMSP transporters near dddD of B. cepacia AMMD (or in the other DddD-containing strains of Burkholderia), nor are there any genes that correspond, in sequence and/or deduced function, to Marinomonas dddB or dddC.
By contrast, dddD of Rhizobium NGR234 is located between two sets of genes whose deduced functions resemble those near dddD of Marinomonas. Thus, 3' of Rhizobium NGR234 dddD is a predicted operon, dddEFG, that specifies a transporter whose nearest homologues are involved in importing betaine-like molecules. The DddEFG proteins form an ABC type transporter, which is mechanistically totally different from the BCCT-type of transporters, even though they may import similar types of molecules. The product of dddA, which is upstream of dddD in Rhizobium NGR234, is a predicted oxidoreductase with some relatedness to alcohol dehydrogenases, the same overall function as DddB in Marinomonas (see above). However, these 'alcohol dehydrogenases' are in very different families -Marinomonas DddB is a predicted Fe-containing enzyme (Pfam PF00465), but DddA of Rhizobium NGR234 is a GMC-type oxido-reductase (Pfam PF00732). Finally, in this comparison of Marinomonas and Rhizobium NGR234, the latter has a gene, which we term dddZ, whose product, like that of Marinomonas dddR is in the LysR family of transcriptional regulators. However, the DddR and DddZ proteins are only 25% identical to each other.
Both DddZ and DddA of Rhizobium NGR234 are very similar (49% and 73% identical, respectively) to the products of the two genes that are next to dddD of S. stellata (Fig. 3) . S. stellata and Rhizobium NGR234 may therefore both regulate their dddD genes via the DddZ regulator, rather than by the DddR that is employed by Marinomonas and B. cepacia AMMD and may conduct an oxido-reductive step by the DddA-type, rather than the DddB-type oxido-reductase (see above). Finally, next to dddD of S. stellata is a gene whose product is 36% identical to DddT of Marinomonas, suggesting that these two species may import the DMSP by similar mechanisms, involving a BCCT-type transporter.
Overall then, at least in the four strains considered here, there is something of a 'pick 'n mix' arrangement of the genes near their dddD genes. In some cases, the corresponding genes are predicted to have the same function and to have very similar sequences (e.g. the regulatory dddZ in S. stellata and Rhizobium NGR234). In others, the overall functions may resemble each other, but the mechanisms, and hence the corresponding genes are wholly different (e.g. the putative BCCT-type and ABCtype of DMSP transporters).
Clearly, further experimental work is required to ratify the roles of these various ddd genes and to establish if there is functional significance in the differences between the genes in different lineages. For example, do the different types of transporter have different affinities for DMSP and, if so, does this relate to the ecological status of the corresponding bacteria?
One further unexpected finding in the in silico searches of the genomes of strains that are phenotypically Ddd + is that some of them lack dddD. For example, the marine Sulfitobacter sp. EE-36, ; http:// www.roseobase.org/roseo/ee36.html) has no DddD homologue, so must use a rather different method to generate DMS from DMSP. These strains were searched for the presence of genes that would encode the N-terminal sequences of the DMSP lyases of Alcaligenes and Pseudomonas (see above), but no matches were seen. Indeed, it was noted that those 'DMSP lyase' sequences described by had no matches in any of the NCBI databases (including all the available microbial genomes and environmental sequences).Therefore, a challenge is to identify these 'alternative' mechanisms of DMS production and to establish if strains such as SulfitobacterEE-36 accomplish their DMS emission with the DMSP lyase. Fig. 3 . Location of genes in the dddD regions of different Ddd + bacteria. The ddd genes are shown as arrows for Sagittula stellata E37, Rhizobium NGR234, Marinomonas MWYL1, and Burkholderia cepacia AMMD. Genes with the same letters indicate those that are known to be or are likely to be orthologues. Proposed ddd gene functions are in Table 1 and are discussed in the text.
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Bacterial DMSP lyase: myth or missing link?
As mentioned above, there have been some studies on enzyme activities that have the characteristics expected of DMSP lyase, whereby DMS is directly cleaved from the DMSP, generating acrylate. Further, in some such cases, it has been shown that the bacteria can use acrylate as the sole carbon source and that acrylate can act as a coinducer for the production of the DMSP lyase, consistent with such a pathway (Yoch, 2002) .
By contrast, it was found that Marinomonas MWYL1 did not grow on acrylate nor was the production of DMS enhanced following pregrowth of the cells in the presence of acrylate. These findings are in keeping with the 'alternative' pathway of DMSP catabolism that are proposed for this species .
Bacteria were therefore sought that can grow on both acrylate and on DMSP as the sole carbon source and which emitted DMS when grown with the latter. Such a strain was obtained, identified as a member of the Halomonas genus, from the surface of the DMSPcontaining macroalga Ulva (de isolated from Caister, Norfolk, England.
Significantly, the ability to produce DMS from DMSP was much-enhanced when the Halomonas was pregrown in either DMSP or acrylate. Further, proteomics revealed several proteins that were induced by both these coinducers. Perhaps significantly, one protein that was induced by pregrowth of Halomonas in DMSP was a predicted zincdependent alcohol dehydrogenase, specified by a gene that was very closely linked to genes that encoded acyl CoA transferases. One of these was similar to the 'conventional' Class III type, exemplified by E. coli CaiB and the other was strikingly similar to the DddD proteins. Therefore, growth at the expense of both acrylate and of DMSP may be due to various forms of CoA transferases, and not DMSP lyase (AWB Johnston, unpublished observations).
It was recently found that one species, Sulfitobacter EE-36, which lacks DddD from its deduced proteome, has the long-predicted DMSP lyase . A single gene termed dddL was cloned and it was shown that E. coli expressing dddL could make DMS from DMSP and that the other product was acrylate, the defining feature of a DMSP lyase. Furthermore, close DddL homologues occur in other marine a-proteobacteria (Dinoroseobacter, Fulvimarina, Loktanella, Oceanicola) and in some strains of Rhodobacter sphaeroides, which had not been suspected of making DMS hitherto, even though this species has been studied intensively regarding its other characteristics. The DddL polypeptide appears to be a representative of a new protein family, since there are no homologues with known function .
Although we succeeded in indentifying a DMSP lyase, the search for mechanisms of DMSP-dependent DMS production is not over. This is because another DMSproducing strain, Roseovarius nubinhibens has neither DddD nor DddL homologues, so must use yet other enzymatic methods.
DMS production and signalling between bacteria and eukaryotes
It is noteworthy that several of the bacteria with DddD protein associate with higher organisms. The Marinomonas strain MWYL1 was obtained from the rhizosphere of Spartina, a known species of DMSP-producing angiosperm and a plant on whose roots Ddd + strains of Marinomonas have been isolated in North America (Ansede et al., 2001a) .
Analogously, at least two strains of rhizospheredwelling Burkholderia (strains B. cepacia AMMD and B. ambifaria MC40-6) have a Ddd + phenotype. Even more complex and intimate symbioses involving Ddd + bacteria and higher plants were seen in the case of Rhizobium sp. NGR234, which forms N 2 -fixing nodules on diverse legumes, and at least one non-legume host, Parasponium . Although not experimentally ratified, it now seems that the b-proteobacterium B. phymatum STM815, an unrelated legume root nodule bacterium, is also strongly predicted to be a Ddd + strain (see above). It may be no coincidence that Machaerium lunatum, the host of this unusual rhizobial strain inhabits brackish marshes. It seems conceivable that some of the hosts of B. phymatum and of Rhizobium NGR234 (and other, as yet unidentified, related bacteria) may contain and exude DMSP and that this is exploited by bacteria that associate with these plants. If this is the case, it represents an interesting case in which the finding of a bacterial gene in silico leads to the prediction of unusual biochemical features in plants, even though the particular host species have not been identified yet.
There have been reports of interactions between Ddd + bacteria with other types of eukaryotes, as well as with plants. For example Silicibacter associates with Pfiesteria piscicida, to which is it is chemo-attracted, via the DMSP made by these dinoflagellates (Miller and Belas, 2006) . In addition, there are organisms that contain very high levels of DMS, pointing to the presence of active populations of micro-organisms that make this molecule, although, at present, their identitities and the mechanisms that are used are unknown. Such 'high-intensity' DMS sources include the mantle and gills of the tridacnid clams, the DMSP starting material almost certainly being located in zooxanthellae, which occur in high numbers in these tissues (Hill et al., 2000) . Also, many species of coral, for example, Acropora formosa, are covered with mucus, which contains extremely high levels of DMSP, produced by abundant zooxanthellae dinoflagellates, which form symbiotic relationships with many coral species (Broadbent et al., 2002) . It is not known what species, let alone enzymes and genes are responsible for the emission of large amounts of DMS from these abundant sources of DMSP, but it is intriguing that so many Ddd + systems are likely to involve associations between pro-and eukaryotes. It remains to be seen if this represents a form of nutritional opportunism on the part of the former in which they simply catabolize an available carbon and sulphur source. Certainly, the remarkable metabolic flexibility of bacteria does not preclude this as a possibility.
It is already known that DMS is a remarkably versatile and potent info-chemical, attracting organisms that are as diverse as bacteria, crustaceans, and birds. So, it is not impossible that there are other, perhaps more subtle roles for DMSP catabolism and DMS release. One thing that puzzles us is that, on the face of it, the catabolism of DMSP in any process that involves the release of DMS may be seen as inherently wasteful, since all the sulphur and much of the carbon is lost from the catabolizing organism. Given that the demethylation pathway has the potential to recoup all the C and S, why use such an apparently profligate system? This is especially pertinent for species, for example, S. pomeroyi, which have a demethylase and can release DMS, likely by the DddD system (see above).
Perhaps the Ddd pathways are only used when there is a surfeit of DMSP, so the bacteria can afford to be 'wasteful'. Or, perhaps, this system allows carbon assimilation at a time when the cells are fully replete with sulphur. However, some bacteria, such as Rhizobium NGR234 and B. cepacia AMMD, can liberate DMS from DMSP but cannot grow on DMSP as the sole carbon source. This might be a laboratory artefact, but perhaps nutrition is not always the driving force, and the Ddd phenotype is geared more to info-chemical signalling. One truly speculative thought, the 'messy eater' model, combines the nutritional and the signalling properties of DMS and is as follows.
The DMSP is available to bacteria only when it is released into the environment, as would occur when the producing organisms are being lysed or damaged by pathogens or grazers. Since it is known that at least some zooplankton that eat phytoplankton are attracted by DMS, it might make sense if the Ddd + bacteria could catabolize some of the background levels of DMSP, releasing the DMS as an attractant for more enthusiastic grazing by other planktonic herbivores. Such animals would not eat all the phytoplanktonic material and so the bacteria might be able to live off the substantial 'scraps' left behind. Such materials need not be confined to DMSP but could include sugars, vitamins, and amino acids, which would become available to these microbial scavengers.
Conclusions
It is clear from the very few molecular studies on DMSP catabolism by bacteria that there is a great deal to do-even more than might have been anticipated, given the diversity that has already been revealed. There is now an urgent need to understand the detailed mechanisms, at a molecular genetic level, of the entire pathways of DMSP catabolism in a sample of bacteria that accomplish this process in different ways (demethylation versus DMS emission and, in the latter, the different ways in which this is done). Further, the 'specific activity' of DMS production is far higher near eukaryotes than in the open seas. This presents a golden opportunity to study the interactions between the DMSP consumers and the DMSP producers and to determine any signalling roles of the DMS in any interactions, whether they be symbiotic, associative or pathogenic.
